Intramolecular electron transfer in trimethylamine dehydrogenase from bacterium W3A1.
Reductive optical/EPR titrations of trimethylamine dehydrogenase with sodium dithionite have been performed, indicating that the equilibrium distribution of reducing equivalents between the covalently bound FMN and 4Fe/4S centers in partially reduced trimethylamine dehydrogenase is pH-dependent. In the case of two-electron reduced enzyme, formation of fully reduced flavin with oxidized iron-sulfur is favored below pH 7.5, whereas above pH 8 formation of flavin semiquinone with reduced iron-sulfur is preferred. The rates of electron transfer between the sites have been measured with the stopped-flow rapid mixing technique using a pH jump. The observed rate constants fall in the range of 200 s-1 to 1000 s-1 at 25 degrees C with the larger values occurring at higher values of final pH. The values of the rate constants depend on the final pH and are independent of observation wave-length. The temperature dependencies of these reactions give linear Arrhenius plots with activation energies in the range of 12 to 16 kcal/mol, consistent with prototropic equilibria being associated with electron transfer. The pH dependence of EPR spectral line widths for the flavin semiquinone and static optical spectra suggest that the semiquinone form of flavin present at pH 10 is anionic, whereas the neutral form is present at pH 7. The observed rate constants at 25 degrees C are greater than or equal to 100-fold larger than kcat for this enzyme and indicate that intramolecular electron transfer is not intrinsically rate-limiting in overall catalysis.